We investigated the microstructure and shrinkage behavior of autoclaved aerated concrete (AAC) from several manufacturers in Vietnam comparing with Japanese AAC. Three types of Vietnamese AAC and one type of Japanese AAC were used for powder X-ray diffraction, scanning electron microscopy, mercury intrusion porosimetry, and shrinkage tests. The experimental results show that the main hydration products of AAC that used fly ash as silica materials is semi-crystalline calcium silicate hydrate, while the ones of others are tobermorite; but the tobermorite crystals of AACs from some manufacturers in Vietnam are disordered structures and lack of interlocking among tobermorite crystals. The pore size distribution of all Vietnamese AAC are single peak, whereas Japanese AAC is bimodal. The pore distribution characteristics of AACs significantly influenced their shrinkage behavior and the shrinkage of Vietnamese AAC is higher than that of Japanese AAC at intermediate relative humidity (RH). The capillary tension is the principle shrinkage mechanism for AAC materials at high RH (above about 65%) to cause local minimum shrinkage of Japanese AAC at high RHs, while the change in surface free energy is dominant at low RH conditions.
Introduction
Autoclaved Aerated Concrete (AAC) is a porous lightweight cementitious building material, which is produced by autoclaving a mixture of finely ground silica materials (either in the form of silica sand or recycled materials such as fly ash, granulated blast furnace slag), Portland cement, quick lime, water, gypsum, and a foaming agent (e.g. aluminum powder). Due to high temperature and saturated steam pressure curing (typically, reaching a pressure of 0.8 -1.2 MPa and a temperature of 180 -200°C), the hydration products of AAC are mainly tobermorite group of calcium silicate hydrate (C-S-H) (Alexanderson 1979; Schober 2005; Matsui et al. 2011; Isu et al. 1995; Kikuma et al. 2011; Straube and Schoch 2014) . The compositions of the hydration products in AAC are therefore quite different from those in normal concrete i.e. C-S-H, calcium hydroxide (CH), ettringite and monosulfate. However, the quantity and degree of crystallization of C-S-H in AAC are significantly influenced by raw materials (Alexanderson 1979; Schober 2005; Matsui et al. 2011; Straube and Schoch 2014; Narayanan 2000; Qu and Zhao 2017) , the properties of raw materials (Alexanderson 1979; Schober 2005; Isu et al. 1995; Kikuma et al. 2011; Straube and Schoch 2014) and the autoclaving process (Alexanderson 1979; Schober 2005; Straube and Schoch 2014; Narayanan 2000; Mitsuda et al. 1992) .
AAC is a typical porous material; its structure is characterized by a solid skeleton and pores. The pore system of AAC consists of artificial air pores (Alexanderson 1979; Schober 2005; Narayanan and Ramamurthy 2000; Schober 2011; Tada and Nakano 1983; Georgiades et al. 1993; Prim and Wittmann 1983) and the pores in the skeletal material (Alexanderson 1979; Schober 2005; Narayanan and Ramamurthy 2000; Schober 2011; Tada and Nakano 1983; Georgiades et al. 1993; Prim and Wittmann 1983) , which can be classified into inter-cluster pores and inter-particle pores (Prim and Wittmann 1983) , or macro-capillaries and micro-capillaries (Tada and Nakano 1983) . The porosity and the ratio of each pore type directly depends on the bulk density of AAC (Schober 2005) . The total volume of artificial air pores is controlled by using the foaming agent, while the total volume of the pores in skeletal materials is mainly controlled by the water/solid ratio of raw materials mixture (Schober 2005) , the distribution of these pores depends on formation of plate-like tobermorite during the autoclaving process (Schober 2005; Mitsuda and Sasaki 1992) .
AAC technology was first developed in Sweden in the mid-1920s by Johan Axel Eriksson. Nowadays, AAC is widely used all over the world due to advantages such as low bulk density, low thermal conductivity, good sound insulation and fire resistance, fast building rate, and environmental friendliness. AAC has just been produced in Vietnam since 2009 and is strongly supported by the Government. At present, there are 12 AAC plants with the total capacity of about 1.95 million cubic meter per year. The most popular application of AAC in Vietnam is AAC blocks. However, crack occurred at many buildings that used AAC as masonry units. The cracking issues reduce the use of AAC and cause many difficulties for manufacturers.
Several investigations of the drying shrinkage of AAC have been carried out (Alexanderson 1979; Georgiades et al. 1993; Ramamurthy and Narayanan 2000; Ziembicka 1977 ), but the shrinkage was normally examined at a specific RH (35 -45%). Ziembicka has interpreted the drying shrinkage of AAC with a capillary tension theory; he predicted that drying shrinkage is a function of volume and specific surface area of micro pores of radii 7.5 -62.5 nm (Ziembicka 1977) . The capillary tension theory of drying shrinkage of porous building materials states that the water in the pore exists in tension and this creates an attractive force between the pore walls (Bentz et al. 1998; Tada 1992) . Georgiades suggested that drying shrinkage of AAC is a function of the specific surface area of fine pores of radii 2 -20 nm, and the shrinkage of AAC caused by the change in disjoining pressure in the smallest pores of AAC (Georgiades et al. 1993) . However, the shrinkage behavior of AAC have not been fully examined for the whole range of conditions from saturated to dry at various RHs and consequently the shrinkage mechanism of AAC is still not clear.
To overcome the cracking problem of AAC in Vietnam, all causes must be studied thoroughly such as characteristics of AAC materials, construction method to use AAC, application of AAC, etc. At present, there have been no comprehensive studies on the characteristics of AACs in Vietnam, especially the microstructure and volumetric behavior related to moisture state in AAC. Hence, this study focus on the microstructure and shrinkage behavior of AAC at serval RH conditions from saturated to about 10% RH, which can provide a more adequate understanding of the characteristics of the AAC in Vietnam and clarify the shrinkage mechanism of AAC. The AAC materials were selected from three different manufacturers in Vietnam to examine the hydration products, pore size distribution and shrinkage behaviors. In addition, the properties of a Japanese AAC sample, where its application is successful, is also investigated to compare with those of Vietnamese AACs. The objective is to associate the shrinkage behavior of AAC with the measured microstructure from a viewpoint of porous materials.
Materials and methods

Materials
Typically, AAC in Vietnam is produced from silica materials (either in the form of silica sand or recycled materials such as fly ash), Portland cement, quick lime, gypsum, water, and a foaming agent (e.g. aluminum powder). However, the formation of tobermorite and its morphology in AAC can be significantly influenced by the changes in properties of raw materials and confidential production process, thus the AAC materials by different manufacturers may show different characteristics.
In this research, three types of commercial Vietnamese AACs by different manufacturers and one type of commercial Japanese AAC were used for the experiments; its hydration products and microstructure were studied to be associated with shrinkage behavior as explained below. The AAC material that manufactured in Japan is denoted by JP and three types of AAC material that manufactured in Vietnam are denoted by VN1, VN2 and VN3. It should be noted that JP, VN1 and VN2 used silica sand as silica materials while VN3 used fly ash. The basic properties of these AAC samples are summarized in Table 1 .
The total porosity is calculated by Eq.1 (Qu and Zhao 2017; Schober 2011; Cabrillac et al. 2006; Kadashevich et al. 2005) . Bulk density is measured according to ASTM C1693 by geometrical measurements and mass of dry specimens (AAC specimens were dried to stable mass at 105°C). True density of crushed AAC material is measured by pycnometer method.
where p is the total porosity, ρ b is the bulk density, and ρ is the true density (skeletal density)
Experimental methods
The water content and shrinkage of AAC were determined for AAC specimens with dimensions of 80 × 40 × 10 mm (Fig. 1) . The AAC samples were immersed in water, which the surface tension is 71.6 mN/m), for 5 days to ensure full saturation and then placed in a desiccator at a controlled temperature of 20 ± 0.2°C and a specified RH in the range 10 -100%, which was maintained by using salt solutions, as shown in Table 2 . A high sensitivity sensor was used to record the temperature and RH in the desiccator.
Saturated salt solutions were used to maintain a stable RH in the desiccator, and the fluctuations of RH is ± 0.2% at equilibrium. In addition, carbon dioxide absorbent was used to avoid carbonation. Figure 2 shows the equipment setup for the shrinkage experiments.
The measurement of shrinkage was made on three specimens using a strain gauge, which was attached to the surface of the specimens by adhesive (Fig. 1) . Strain was recorded every 10 min to confirm equilibrium; the ultimate strain at each stage (RH level) is the strain at equilibrium (obtained when strain is stable). Three other specimens with the same dimensions were prepared for weight measurement. At each stage, the ultimate mass of AAC specimens, which stabilizes at equilibrium, was measured with an accuracy of 1 mg. The reported results are obtained from the average of three specimens of the same type.
The ultimate water content of an AAC sample at each stage was calculated by Eq. 2 based on the ultimate mass of AAC specimens at a given condition and the dry mass:
where w is the ultimate mass of a sample at a given condition and w d is the mass of dry specimens (AAC specimens were dried to stable mass at 105°C).
Powder X-ray diffraction (XRD), scanning electron microscopy (SEM) observation and mercury intrusion porosimetry (MIP) were carried out to study the microstructure of AACs. The mineralogical component of AACs was studied using PANalytical X'pert-PRO at Xray tube voltage and current of 45 kV and 40 mA and scan speed of 0.015°/s. The sample for SEM was coated with gold (Au) using JEOL JFC-1600 and observed by JEOL JSM-6060LV at an accelerating voltage of 15 kV. The pore-size distributions of the AACs were determined using Quantachrome PoreMaster (PM-33). The samples for MIP were vacuum-dried at 105°C for more than 12 hours before the measurement.
Results and discussion
Mineralogical component of AACs
The mineralogical analysis results of AACs obtained by the XRD technique are shown in Fig. 3 . The XRD analyses were performed to identify the crystalline solid phases of AAC products. The crystal orientation was avoided by automatic mounting, thus the relative peak intensity can be compared to approximately discuss the hydration products content of the AACs.
From the XRD results, it is found that the AACs consisted of tobermorite, residual α-quartz, calcite and C-S-H; these results were also confirmed by many researchers Isu et al. 1995; Kikuma et al. 2011; Straube and Schoch 2014; Narayanan 2000; Qu and Zhao 2017) . The main hydration products in the AACs that used natural sand as silica material belonged to the tobermorite group of calcium silicate hydrates; there are few differences among the three types of AACs (VN1, VN2 and JP).
The (002) and (220) peaks intensities of tobermorite for Japanese AAC, which are at around 2θ = 7.8 o and 29.0 o respectively, is higher than those for Vietnamese AACs (with the order JP > VN2 > VN1 > VN3) leading to higher tobermorite content. Only VN3, which used fly ash as silica material, shows very low tobermorite content. Because the (002) and (220) 
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o , instead poorly crystallized C-S-H phase occurs at around 2θ = 29.4 o (Mitsuda et al. 1986 ). Furthermore, the true density of tobermorite is higher than that of C-S-H(I) and C-S-H(II) (Feldman and Beaudoin 1976) , so the poorly crystallized of VN3 can be further supported by the low true density of VN3 in comparison with the other AAC samples (Table 1) , which contain mainly tobermorite. Calcite is also present in VN1, VN2 and VN3 (indicated by the peaks at around 23.0 o and 29.4 o ), which indicates partial carbonation of AAC. SEM images in the matrix of AACs that used nature sand as silica materials (Figs. 4b, 5b and 6b) do not show much differences. The dense matrix structure with the pores of less than 10 µm can be observed in these images. In the case of VN4, which used fly ash as silica material (Fig. 7b) , the unreacted fly ash round particles were observed.
Microstructure of AACs
The plate-like tobermorite is observed to be the main crystalline phase in JP and VN2 (Figs. 4c and 6c) as also indicated by XRD. The tobermorite in JP and VN2 has a highly ordered structure according to the plate-like morphology in SEM images; however, the tobermorite crystals in JP are more densely packed. The tobermorite crystals of VN2 are broader and spaced farther apart than that of JP. Tobermorite crystals are also observed in VN1 samples (Fig. 5c) , but the tobermorite crystals in this sample are non-uniform and show a disordered structure. In addition, amorphous products are also observed between tobermorite crystals in VN1. It is indicated that the peak order of tobermorite (JP > VN2 > VN1) in XRD results (Fig. 3) can correspond to the apparent tobermorite morphology in SEM images. The SEM image on the surface of air pores of VN3 shows the semi-crystalline C-S-H products (Fig. 7c) , the low tobermorite content of VN3 indicated by XRD as discussion above. The C-S-H products in VN3 show disordered structures and lack of interlocking among them.
According to XRD and SEM results, it is suggested that AACs in Vietnam may have disordered structures and lack of interlocking among tobermorite crystals (VN1) or broad and spaced far apart of tobermorite crystals (VN2) and disordered structures of semicrystalline C-S-H (VN3). Figure 8 shows the pore size distribution of all AAC materials by MIP. The experimental results show that the pore size distribution of all AACs are quite different; the pore size distribution of Japanese AAC (JP) is bimodal, whereas all Vietnamese AACs show single peak. The bimodal pore size distribution of AAC has also been reported by Mitsuda et al. (1992) , Kreft et al. (2011), and Jerman et al. (2013) , while the pore size distribution with single peak was reported by Chen et al. (2017) .
Pore size distribution of AACs
The pore size distribution of JP clearly shows two peaks, the pore radius corresponding to the peak top of the main peak is around 15 nm and the second peak is around 70 nm. The pore size distribution of VN1 has the main peak at around 80 nm; VN2 has the main peak at around 50 nm; and VN3, which used fly ash as silica materials, has the peak at around 20 nm.
The pores with the radius around 15 nm cannot be observed by SEM but detected by MIP to compress mercury into fine pores, which may be the entrance space surrounded by plate-like tobermorite crystals. These pores are only found in Japanese AAC, which has densely packed and highly ordered tobermorite structures (Fig. 4c) , but not in all Vietnamese AACs. The pores of the second peak of JP and the main peaks of VN1 and VN2 are quite similar, which the pores size in the range of 50 -80 nm; these pores correspond to the macro-capillary pore according to the classification of Tada (Tada and Nakano 1983) . The pores of main peak of VN3 are quite fine (around 20 nm); it can be caused by the hydration of VN3, which is mainly poorly crystallized C-S-H, so its characteristics differ from tobermorite.
A very limited number of research was made of the influence of the hydration products (type of hydration products and their morphology) on the pore size distribution (by MIP) of AAC. Schober (2005) and Mitsuda et al. (1992) discussed the relationship between the pore size distribution of AAC and the formation of platy tobermorite during the autoclaving process; the higher platy tobermorite formed, resulting in the finer pores (Mitsuda et al. 1992) .
The character of pore size distribution turned out to be positive with respect to strength when it is a narrow one. Broad pore size distribution led to lower strength and structures with a single pore size resulted in slightly lower strength than such with a narrow distribution of same mean pore size (Schober 2005) and may lead to the cause of shrinkage cracking. Figure 9 shows the ultimate water content of AAC samples at various RH conditions. As the RH gradually decreases, resulting in rapid changes in the water content. The significant reduction in water content continues until the RH reaches about 65%. With further reduction of RH below 65%, the water content only slightly decreases. At a high RH (above about 85%), the water content of Vietnamese AACs is lower than that of JP. When RH is lower than about 85%, the water contents of all AACs are not much different. Figure 10 shows the ultimate shrinkage of AAC samples at various RH conditions. As the RH gradually decreases, rapid shrinkage of all types of AACs is observed until RH reaches about 85%. When the RH is further decreased from about 85% to 65%, shrinkage behavior of AACs is different. JP shows an expansion; shrinkage of VN3 gradually increases while shrinkage of VN1 and VN2 shows a plateau. As the RH is further decreased from about 65% to 10%, the shrinkage of all types of AACs gradually increases and the correlation between shrinkage of AAC samples and RH is nearly linear.
Water content and shrinkage behavior of AACs
The discussion of the above result is divided into the high RH range (RH > 65%) and the low RH range (RH < 65%) in the following subsections because the tendency of water content and shrinkage behavior is different between high and low RH ranges.
(1) Water content and shrinkage behavior of AAC at high RH condition (RH > 65%)
The water content of AAC depends on many factors, such as the connectivity of pores of different sizes, the porosity, and the pore structure including air pores (Tada 2011) . As shown in Fig. 8 , the volume of finer pores, for which the main pore radius is from around 10 -20 nm, is much higher in JP than in Vietnamese AACs. According to the Kelvin equation (Eq. 3), these pores range is affected by the RH in the range of about 90 -95%. The higher volume of finer pores leads to the retention of more water in AAC at high RH.
where r is the pore radius (Kelvin radius), γ is the surface tension of the liquid in pores, V m is the molar volume of the liquid, R is the gas constant, T is the absolute temperature, and P/P 0 is the relative humidity. The shrinkage behavior of AAC shown in Fig. 10 can be explained as follows. Initially, the AAC sample is saturated and the pores are filled with water. As RH decreases to about 85%, moisture rapidly evaporates mostly from large pores, and menisci form at the transition areas between the small capillary pores and the larger empty pores. It is expected that the formation of menisci induces capillary tension (Eq. 4) to cause the shrinkage of the AAC according to the previous studies; many researchers identify capillary pressure as the principle shrinkage mechanism at high RH conditions, as menisci are established in that RH range (Feldman and Sereda 1968; Powers 1968; Hua et al. 1995; Amberg and McIntosh 1952; Maruyama 2016) .
The capillary stress (shrinkage driving force induced by capillary tension) can be simply calculated from capillary pressure, which is determined according to the Laplace equation, and the volume fraction of capillary water, which is the simplest expression for area over which the capillary force acts (Maruyama 2016; Shimomura and Maekawa 1997) . where σ s is the effective capillary stress, γ is the surface tension of water, r s is the Kelvin radius, and V L is the volume fraction of capillary water as the function of condensed adsorbent volume (m 3 /m 3 ). V L can be obtained simply by accumulating the volume at each r s by the experimental data of MIP; according to Eq. 4, the capillary stress in AACs can be derived and shown in Fig. 11 . The expansion of JP when RH decreases from about 85% to 65%, which corresponds to the Kelvin radius from about 2.5 -6.5 nm (Eq. 3), can be explained by the water within the capillary pores evaporates, and the concave menisci in these pores are gradually destroyed. Their destruction causes the loss of a large volume of water held in the capillary system, which results in a rapid reduction of the shrinkage driving force (capillary force) and induces the expansion of JP in this region. A similar behavior was reported in Vycor glass, but because Vycor glass has finer pores, which the peak is around 2nm, the expansion occurs from 70% to 60% RH (Amberg and McIntosh 1952; Maruyama 2016) . The disappearance of the expansion in all Vietnamese AACs in this region can be attributed to the lower volume of finer pores (Fig. 8) . Because of the lower volume of finer pores (the peak around 15 nm), when RH is below 85%, the reduction of the shrinkage driving force caused by the loss of water held in the capillary system may not be enough to induce the expansion of VN1, VN2 and VN3. The calculated capillary stress also indicated that the sharp local maximum of capillary stress was observed in JP to cause the swelling while the broad maximum may not cause the swelling in Vietnamese AAC series (Fig. 11) . Actually, the surface free energy as discussed later also acts for the shrinkage leading to no swelling in VN1, VN2 and VN3 even though the stress is reduced from RH = 90% in these AAC samples.
In order to further assess the effect of capillary action on shrinkage behavior of AAC, 3% of shrinkage reducing agent (SRA) was added to the water, which was used for AAC samples immersion before drying, to reduce the surface tension (denoted by JP-3). SRA reduces the surface tension of the pore solution and leads to the decrease of the shrinkage caused by capillary force (Sato et al. 1983) . Figure 12 shows the shrinkage behavior of AACs that submersed in the water and the solution containing 3% SRA (by mass of total liquid), the surface tension of water and solution are 71.6 mN/m (JP) and 36.8 mN/m (JP-3), respectively. The inclusion of SRA reduces the shrinkage of AAC; the shrinkage reduction is significant at high RHs condition (about 65 -95% RH), and is negligible at low RHs condition (below 65% RH). The significant shrinkage reduction in the range of about 65 -95% RH further supports for the action of capillary tension at high RHs condition. A similar behavior has been reported in Vycor glass by Maruyama et al. 2016 , which can contract due to the capillary action. This study to use AAC, which is a porous cementitious material containing mainly tobermorite, also suggests the influence of capillary action.
From the above discussion, the difference in shrinkage behavior of Vietnamese and Japanese AACs can be explained associating capillary tension with the pore distribution characteristics. In the range of 65 -95% RH, which corresponds to the Kelvin radius from about 2.5 -20 nm (Eq. 3), the shrinkage driving force caused by capillary pressure is dominant. The radius of the pores corresponding to the first peak in the curve of pore size distribution of Japanese AAC is in this range to cause the smaller shrinkage than Vietnamese AACs and the expansion with the decrease of RH from 85 to 65%. On the other hand, the curves of pore size distribution of VN1 and VN2 have the unclear peaks in the range of 2.5 -20 nm resulting in no expansion when RH decreases from 85 to 65%; instead, the shrinkage shows a plateau. The pore size distribution of VN3 does not show any peak in that range resulting in the gradual increase of shrinkage when RH decreases from 85 to 65%.
(2) Water content and shrinkage behavior of AAC at low RH condition (RH < 65%)
This region is characterized by the slight reduction of water content but causes the significant shrinkage. In this region, water content of JP is lower than that of all Vietnamese AACs (with the order JP < VN1 < VN2 < VN3) (Fig. 9) . The water content of AAC in this region depend on the thickness of adsorbed water layer in the finer pores, which cannot be measured by MIP. AACs in Vietnam, which are low tobermorite content (VN3), disordered structures and lack of interlocking among tobermorite crystals (VN1), or broad and spaced far apart of tobermorite crystals (VN2), may have high pore specific surface area leading to high water content at low RH conditions. When the RH is lower than about 65%, the moisture loss from the finer pores, which the Kelvin radius is smaller than about 2.5 nm (Eq. 3), causes significant shrinkage of all type of AACs even though the water content decreases only slightly (Fig. 9) .
Many researchers have reported that, in this interval, the shrinkage depends on the thickness of the adsorbed water layer on the solid surface (Bentz et al. 1998; Feldman and Sereda 1968; Bazant 1988; Vlahinic et al. 2009 ). The shrinkage driving force caused by the increase of surface free energy is dominant while the effect of capillary pressure may be small; the negligible effect of SRA on shrinkage of AAC in this range of RH (Fig. 12 ) also further supported for this discussion.
The surface free energy change is given by the Gibbs adsorption equation (Bentz et al. 1998; Hansen 1987; Houst et al. 1983) .
where ∆F is the calculated decrease in surface free energy (J/m 2 ), V m is the molar volume of the adsorbed liquid (m 3 /mol), R is the gas constant (J/mol·K), T is the absolute temperature (K), P/P 0 is the relative humidity, and t is the thickness of adsorbed water layer (nm).
The thickness of adsorbed water layer t for AAC can be calculated using an empirical equation developed for cement-based materials (Badman et al. 1981 
Equation 7 gives the relationship between the change of surface free energy and RH. This relation is shown in Fig. 13 .
From the experimental data for the shrinkage of AAC at low RH condition and Eq. 7, the relationship between shrinkage and surface free energy change shown in Fig. 14 can be derived.
The shrinkage of all AACs at low RH conditions can be expressed as a linear function of the change in surface free energy (Fig. 14) . This linear relationship supports the assumption that the shrinkage of AAC at low RH conditions is mainly caused by the change in surface free energy. However, the lines of JP, VN1 and VN2 show better fitting than that of VN3; and the effect of surface free energy on shrinkage at low RHs is the smallest in the case of VN3. This result may be attributed to the difference of hydration products and microstructure of VN3, which containing mainly poorly crystallized C-S-H. This issue should be further investigated in the future.
The shrinkage of JP is the lowest in almost all RH conditions. The final shrinkage of VN3 is the lowest; however, its shrinkage is highest in the range of about 50 -95% RH. Under actual working conditions in Vietnam, where the average RH is about 70 -85%, the final shrinkage of AAC does not significantly affect the construction work but the shrinkage in the range of about 70 -85% RH is more dominant. Therefore, the shrinkage of AAC at intermediate RH should be carefully considered in order to avoid cracking effectively.
Conclusions
From the results and discussion presented in this paper, the following conclusions can be drawn: 1) The main hydration products of AAC that used fly ash as silica material is semi-crystalline C-S-H, while the other Vietnamese AACs containing mainly tobermorite and the tobermorite content is not much different from that of Japanese AAC. 2) The microstructure of AAC in Japan is characterized by the plate-like tobermorite crystals and exhibits densely packed, highly ordered structures, while the microstructure of AACs in Vietnam, which are disordered structures of semi-crystalline C-S-H (VN3); disordered structures and lack of interlocking among tobermorite crystals (VN1) or broad and spaced far apart of tobermorite crystals (VN2).
3) The pore size distribution of Japanese AAC is bimodal, which the main peak is around 15 nm and the second peak is around 70 nm, whereas all Vietnamese AACs are single peak, the peaks are around 20 -80 nm. 4) Shrinkage of Vietnamese AAC in this study is higher than that of Japanese AAC at intermediate RH conditions. 5) The pore distribution characteristics of AACs significantly influenced their shrinkage behavior, the volume of pores with radii in the range of about 2.5 -20 nm plays a major role in determining the shrinkage behavior at high RH conditions (above about 65%). 6) Capillary tension is the principle shrinkage mechanism for AAC materials at high RH conditions (above about 65%). The inclusion of SRA significantly reduces the shrinkage of AAC at high RH condition; this phenomenon confirms the effect of capillary tension in this range of RHs. 7) SRA shows negligible effect on shrinkage reduction of AAC at low RH conditions (RH < 65%); at this RH conditions, the the shrinkage of AAC has the linear relationship with the surface energy change. It is indicated that the change in surface free energy is the main driving force for shrinkage of AAC at low RH conditions (RH < 65%).
